Abstract: The present paper was communicated with the morpho-taxonomic description of three diatom taxa belonging to the order Pennales of the class Bacillariophyceae namely Fragilariopsis cylindrus, Achnanthidium lineare and Rhopalodia gibba var. ventricosa. Among them, the former species is rare in occurrence within freshwater ecosystem while the latter two species are found sparsely to abundant in pond, water reservoirs and other types of aquatic bodies. The limnological characteristics that supported their occurrences in water bodies were recorded and found to be congenial for their growth. The pH of water in studied aquatic bodies was observed alkaline and acceptable quantity of phosphate, nitrate-nitrogen and silica along with other physico-chemical parameters of waters were also noted. The above mentioned all three diatom taxa are new taxonomic reports from this district of West Bengal, India.
INTRODUCTION
Diatoms are a major group of microscopic algae and the most common types of phytoplankton which are found in every habitat where water is present (Stoermer & Smol 1999) and their (both fossils and living forms) well preserved siliceous frustules /cell walls make them ideal tools for various applied applications. Recently, they have been using in the other fields of studies as indicators of oil and gas exploration processes. They are now successfully used in comprehensive forensic examinations (Dwivedi & Misra 2015) to detect the suspicious persons or murderers for crime investigations. It has been reported that their growth rate is faster in comparison to other phytoplanktonic taxa (Wetz & Wheeler 2007) . Thus, diatoms are important algal flora among the eukaryotic algae. They are beautiful microscopic organisms with various kinds of fabulous characteristics ornamentations on their frustules or cell walls. Especially, the presence of accessory pigments like fucoxanthin and universal β-carotene give them characteristic golden coloration. Generally, they grow in single cells as unicellular forms and sometimes form chains or simple colonies of various shapes like filaments or ribbons, fans, zigzags or stars in the aquatic bodies. They are capable of growing in different trophic levels of the water bodies. As the siliceous cell walls contain hydrated silicon dioxide (SiO 2 ) they do not decompose after death and henceforth, diatom beds or diatomite are being used as an important tool to study paleoecology, correlation analysis and to interpret or predict the phylogenetic evolutionary lineages as well as to calculate relative age dating of rocks being an important constituent of rock-forming microfossils.
The diatom flora is diverse in fresh water bodies, brackish and marine ecosystems and one of the richest algal groups in India due to having wide range of climate, topology and natural habitats. Their abundant growth is controlled by the physical as well as chemical conditions of water. According to You et al. (2009) their diversity depends on gradients of water, nutrients availability, pH, temperature and altitudes of the habitats. Therefore, analysis of water has a great importance in the ecological study of diatoms.
Fragilariopsis Hust. is a planktonic diatom comprising of living as well as fossil species (Lundholm & Hasle 2008) . It is characteristically ribbon-shaped and valves outlines are linear with rounded apical ends. In the recent years, considerable taxonomic revisions have been made on the nomenclatural concept and generic placement of Halder (2016) (Round et al. 1990 , Potapova 2012 have not yet been studied by LM (light microscopy) and SEM (scanning electron microscopy) or not transferred within this genus. The genus is abundant in rivers, streams and springs. They inhabit in clean and polluted waters. Their cells are small linear-lanceolate to lanceolate-elliptic with less than 30 μm long and less than 5 μm broad; consists of a concave raphe valve (RV) and a convex rapheless valve (RLV); uniseriate striae present on the RV which are comparatively denser towards the apices and the fine raphe is either straight or turned to one side (Ponader & Potapova 2007) . The genus Rhopalodia O. Müll. includes 37 species of which at least 26 species are known only from the type samples from all over the world (VanLandingham 1967 , Krammer 1988 . It exhibited broader range of distributions, including fresh water, brackish and even marine environments. The valves are bracket-shaped in valve view with swollen in middle, indented at the central nodule, the apices are bent acutely. In girdle view, valves are lanceolate-elliptical, strongly swollen in the middle of the valve with broadly rounded apices. Raphe is excentric and chromatophore is single, laminate with irregularly margins.
The present work is focused on the morpho-taxonomic investigation of the fresh water diatom flora of the class Bacillariophyceae from Hooghly district, West Bengal, India. Few taxonomic works had been reported earlier from India (Venkataraman 1939 , Biswas 1949 , Gonzalves & Gandhi 1952 , Gandhi 1958 , Sreenivasa & Duthie 1973 , Anand & Kant 1976 , Sarode & Kamat 1979 , 1980 , Barhate & Tarar 1981 , Das & Santra 1982 , Patel & Patel 1982 , Venkateswarlu 1983 , Prasad et al. 1984 , Somshekar 1983 , 1984 , Chaturvedi 1985 , Roy & Sen 1985 , Pal et al. 1986 , Maity et al. 1987 , Shukla & Shukla 1987 , Santra et al. 1989 , Pal & Santra 1990 , Banerjee & Santra 2001 , Misra 2005 , Bhakta et al. 2011 , Das & Adhikary 2012 , Tripathi et al. 2012 , Dwivedi & Misra 2014 . Except a single report (Halder & Sinha 2015) there is no work in relation to exploration of diatom flora from this locality of West Bengal. Therefore, the present work was undertaken from this area. The main objectives of the present work were to identify, explore the diversity of diatom algal flora and documentation of them in respect of ecology from this state.
MATERIALS AND METHODS
The diatom specimens had been collected from different places viz. Chinsurah (22°.90' N; 88°.39' E), Ganga river at Tribeni (22°.99' N; 88°.39' E) and Kuntighat (23°.01' N; 88°.41' E) of Hooghly district in West Bengal, India. The light microscopic (LM) taxonomic study of the cleaned diatom specimens was made under Olympus compound microscope with camera attachment (Model No. CH20i) and photographs were taken using Canon A480 camera. Samples were preserved in 4% formalin. The organic contents particularly calcium and irons were removed from the diatom samples by the acid digestion method in which 4 ml. of concentrated HCl (30%) and 2 ml. of saturated potassium permanganate (KMnO 4 ) solution were added with 2 ml. of diatom sample as mentioned in materials & methods (Mitić-Kopanja et al. 2014) . Cleaned diatoms were mounted with DPX mounting medium. The ecological study was carried out following the standard method described earlier by the author/s (Halder 2015a ,b,c,d, Halder & Sinha 2014 ,2015 , Halder 2016a . Identification of those algal species were done by following standard monographs and scientific literature viz. Hustedt (1930) , Hirano (1955) 
RESULTS AND DISCUSSION
A total number of three diatom taxa belonging to the order Pennales of the class Bacillariophyceae had been morpho-taxonomically described with author citation, habitat, collection number, date of collection, significance, species abundance and ecology for the first time. Each currently accepted names had been provided with its author(s) name. All the limnological parameters except temperature and pH were expressed as mg.l -1 . -6, 12-14, 17, 19, 20, 22-23, 2008; Cefarelli et al., in Pol. Biol. 33: 1467 , 70, 81: figs. 2e-i, 7c-e, 2010 . (Fig. 1A , 190, pl. 28, figs. 3-4, 1975; Foged, Fresh Water Diatoms in Ireland, 106, pl. 43, fig. 7, 1977; Czarnecki & Blinn in Biblioth. Phycol. 102 , pl. 22 , fig. 12, 1978; Hadi et al. in Nov. Hedw., 534, pl. 12, fig. 217, pl. 37, fig. 3, 1984 ; Al-Hassany & Hassan, Asian J. Natl. & Appl. Sci. 3(1): 2, pl. 1, fig. 1, 2014 . (Fig. 1C-D) Description: Planktonic, frustules bracket shaped in valve view with swollen middle, apices acutely bent and margin convex; in girdle view, valves linear-elliptical, inflated in median portion with broadly rounded poles; valves 50.5-54.5 µm long and 9.5-10.0 µm broad, having sometimes median constrictions; ventral margin Halder (2016) In the recent work, three freshwater diatom taxa had been morpho-taxonomically described from this IndoGangetic plain of West Bengal, India. Fragilariopsis cylindrus sensu lato is a cold-water diatom species and was documented from polar and subpolar regions in the Arctic, Antarctic and open water as well as in ice although, a small number of species have been recorded exclusively from the higher latitudes of the Northern Hemisphere (Witkowski et al. 2000 , Lundholm & Hasle 2008 . It could dominate the water column, sea ice and ice edge communities (Hegseth & von Quillfeldt 2002 , Cefarelli et al. 2010 . Therefore, the species of the genus Fragilariopsis Hust. is abundant particularly in the sea, Arctic and Antarctic ice waters. But here, author collected the species of F. cylindrus (Grunow) Helm. & Krieg. from the lower stretch (downstream) of river Hooghly (Ganga) at Tribeni site during winter when water temperature was below the level of 20°C from West Bengal, India. It is morphologically similar to F. curta (Van Heurck) Hust. and F. kerguelensis (O'Meara) Hust. but differs it from those two species by having isopolar apical axes. The shape, measurements of valves and other identifying characteristics of this species also agreed with the type specimen and other published reports (von Quillfeldt 2001 , Lundholm & Hasle 2008 , Cefarelli et al. 2010 . It was collected as planktonic form like Kang & Fryxell (1992) . The description of species Achnanthidium lineare W. Sm. is exactly coincided with the type specimens and the valve length and width of the present specimen is matched with the European type materials especially of Scotland and France (Van De Vijver et al. 2011) . The taxon Rhopalodia gibba var. ventricosa (Kütz.) H. Perag. & M. Perag. is differentiated from R. gibba (Ehr.) O. Müll. by i) its marked swelling in the middle of the valve ii) more elliptical nature of frustule in girdle view and iii) length: breadth ratio is much less than in R. gibba (Ehr.) O. Müll. The physico-chemical characteristics of different types of water bodies during the diatom sampling times were measured and depicted in table 1. The pH of the studied aquatic ecosystems was found to be alkaline. Kamat (1965) reported that the diatoms are usually abundantly found in the alkaline water bodies. Thus, the present investigation confirmed the earlier finding. The ranges of nitrate-nitrogen and phosphate values were measured from 0.12-0.30 mg.l -1 and 0.18-0.34 mg.l -1 respectively while; silicate was recorded as 3.6-6.6 mg.l -1 . This study revealed that presence of adequate amount of nitrate-nitrogen, phosphate and silicate along with other selected physico-chemical parameters favored the growth of those diatom species in the above said water bodies. The investigation also revealed that they can tolerate varying degrees of temperatures (19-31ºC), pH (pH = 7.3-8.1) and total alkalinity (164.0-220.0 mg.l -1 ) values. Other parameters like BOD and SO 4 2-except COD values were found in lower amounts in the water bodies. DO was observed between 7.0 mg.l -1 and 7.4 mg.l -1 which is higher that might be due to maximum abundance of diatom and other plankton flora. Henceforth, it can be summarized that these species appear in those aquatic ecosystems which are enriched with sufficient essential nutrients. This documentation of diatom species of fresh water habitats from poorly studied region has Halder (2016) 3(3): 501-507 .
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